results confirmed that perceptual difficulties varied significantly according to the influence of L1 vowel inventories.
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IntroductIon
Perception of foreign speech (L2) sounds by L2 learners is affected by the beginning age of L2 acquisition (Flege, Munro, and McKay 1995; Baker et al. 2002) , the amount of exposure to the L2 (Flege 1987; Flege and Hillendbrand 1984) , and the L1 vowel and consonant system (Bradlow 1995; Fox, Flege, and Munro 1995; Iverson and Evans 2009; Elvin, Escudero and Vasiliev 2014) . Studies of English vowel perception have focused on western language backgrounds including Spanish (Flege, Munro, and MacKay 1995; Escudero 2000; Escudero and Chládková 2010; Morrison 2008 Morrison , 2009 ) and Catalan (Cebrian 2006 (Cebrian , 2007 . Spanish-speaking learners of English struggled to perceive English vowels which are not present in their first language (Escudero and Chládkova 2010; Sisinni, Escudero, and Grimaldi 2013) . Previous studies have examined the cross-language perception pattern in specific L2 sounds (Escudero and Boersma 2004; Morisson 2009) . Unlike these previous studies, which tested L2 vowel sounds perceived by those with L1 western language backgrounds, the present study focuses on all of the English vowels perceived by those from two non-western languages-the Indonesian languages of Javanese and Sundanese.
Previous studies have reported that L2 learners who have a smaller number of L1 vowels experience difficulty perceiving an L2 with a larger number of vowels (for example, Flege, Bohn, and Jang 1997; Evans 2007, 2009; Elvin et al. 2014) . This is especially true of the L2 learners who do not have the sound contrasts in their first language. Flege, Bohn, and Jang (1997) studied the interaction of L1 and L2 vowel systems of native German, Spanish, Mandarin, and Korean speakers. The study found that the nature of the L1 vowel system and its perceived relation to vowels affect the L2 vowel production and perception. Likewise, Evans (2007, 2009) found that German and Norwegian speakers, who have larger L1 vowel systems, identified English vowels with more accuracy than Spanish and French speakers, who have smaller vowel systems. Similarly, Elvin et al. (2014) compared the perception of Australian English and Iberian Spanish on six Brazilian Portuguese vowel contrasts /a/-/ɔ/, /a/-/ε/, /e/-/i/, /o/-/u/, /e/-/ε/, and /o/-/ɔ/ and found that Iberian Spanish speakers were more accurate in discriminating the contrasts than the speakers of Australian English. Specifically, the study demonstrated that, despite the differences in their vowel systems, learners' perceptions are accurately predicted by detailed acoustic comparison between L1 and L2 sounds.
Models of L2 sound perception, such as the Speech Learning Model (SLM) (Flege 1987 (Flege , 1995 and the Second Language Linguistic Perception (L2LP) model (Escudero 2005 (Escudero , 2009 , suggest that acoustic similarities between L1 and L2 sounds play a role in cross-language speech perception. However, the specific predictions for L2 perception between the models are different. Generally, the Speech Learning Model (SLM) attempts to explain that the success of second language learning is determined by the perceived phonetic similarities between the L1 and L2 sounds. Within the SLM, the perceived phonetic similarities are divided into identical, similar, and new sounds. An identical sound is a sound represented by the identical IPA symbols and that has no significant acoustic difference between the L1 and L2 sounds. An L2 sound is defined as a similar sound if it is represented by the same IPA symbol as a sound in the L1 and if the difference is in the diacritics only. A new sound is defined as an L2 sound which is not used in the L1 differs auditorily from the nearest L1 sound, and for which the IPA base symbol is different (Flege 1992) . The SLM predicts that L2 learners will have no significant problem producing and perceiving an identical sound, as they cannot detect the difference between the L1 and L2 sound. However, L2 learners will be less successful in perceiving similar sounds since the similarity between L1 and L2 sounds will block the formation of the phonetic category. They will be successful in the perception of new vowels as it motivates them to perceive uncategorizable speech sounds.
Unlike the SLM, the L2LP predicts that the L2 learners will face different kinds of perceptual problems depending on how the perception grammar in the L1 corresponds to the optimal L2 perception. In the L2LP, the perception of an L1 contrast is divided into three scenarios: new, sub-set, and similar. A new scenario occurs when the L1 perception grammar outputs fewer perceptual categories than the required perception of the L2. As a result, the L2 environment produces phonological differences that do not exist in the L1 (Escudero 2005) . For example, Spanish learners of English map the two English sounds /i/-/ɪ/ onto a single native category /i/. The perception of new sounds is considered the most difficult scenario as it involves not only the creation of new categories and perceptual mappings, but also the integration of the newly categorized dimensions into the already categorized dimensions (Escudero 2005) . The sub-set scenario occurs if L1 perception grammar outputs more categories than the required perception of the L2. Hence, the L2 categories constitute a sub-set of L1 categories. For example, Dutch learners of English map the Spanish /i/ into two native categories /i/ and /ɪ/. In the similar scenario, the L1 perception grammar outputs the same number of categories as the target of L2 grammar since the L1 and L2 categories are phonologically equivalent. For instance, L1 Canadian English speakers map the Canadian French sounds /ɛ/ and /ae/ onto /ɛ/ and /ae/ in the native categories.
Examing the non-native vowel perception of Javanese and Sundanese learners, very few studies are available. One current perception study involving speakers of Indonesian local languages is that of Perwitasari (2013) , who investigated the discrimination of American English vowels by Indonesian learners of English. A lexical discrimination task was conducted to measure the accuracy rate of the learners. The results showed that the Indonesian learners of English fail to perceive a word correctly because of the similarity of the words. The Indonesian were less accurate on four English vowel contrasts, /ɪ/-/iː/, /ɔː/-/ɑː/, /ʌ/-/ɑː/, and /uː/-/ʊ/ than the English listeners. The confusion in the perception of English sounds occurred most often with the similar pairs of words which were not frequently heard. However, the study did not clearly determine how the L1 vowel system influences the perceptual difficulties.
The present study examines how the acoustic similarity and differences between the Javanese and Sundanese L1 vowel systems and the English L2 vowel system is related to L2 sound perception. Javanese and Sundanese, two of the most widely spoken Indonesian local languages (Lauder and Ayatrohaedi 2006; Nothofer 2009) , have different vowel systems to American English.
Javanese vowels are grouped into six phonemes, /i-ɪ /, /u-ʊ/, /e-ε/, /ə/, /a/, and /o-ɔ/ (Wedhawati et al. 2006) and that Sundanese has seven vowels /i/, /a/, /ə/, /ɨ/, /e/, /u/, and /o/ (Crothers 1978) . Meanwhile, American English has a complex vowel system with ten monophthongs, /iː/, /ɪ/, /ɛ/, /ae/, /ɑː/, /ɔː/, /ʊ/, /uː/, /ʌ/, and /ɜː/ (Ladefoged 2001 (Ladefoged , 2006 . Javanese and Sundanese do not distinguish vowels based on duration ( Van Zanten and Van Heuven 1997) , whereas American English distinguishes vowels based on durational cues (Peterson and Lehiste 1960; Hillenbrand, Clark, and Houde 2000) . A comparison of the English, Javanese, and Sundanese vowel inventories is illustrated in Figure 1 .
Using the principle of Flege's Speech Learning Model (1987) , English vowels /iː/ and /uː/ have an identifiable counterpart for Javanese /i/ and /u/ but make a difference in their length marking. Therefore, the vowels /iː/ and /uː/ are considered similar vowels by Javanese and Sundanese native speakers. The other English vowels /ɑː/, /ɜː/, /ɔː/, /ʌ/, /ae/, /ε/, /ɪ/, and /ʊ/ are represented by IPA symbols which are not used for any Javanese and Sundanese sounds, and are therefore considered new vowels. No identical vowels were found in the contrastive sounds of the English, Javanese, and Sundanese L1 systems.
In this study, the speakers' perception of English is not influenced by the Indonesian vowel inventory of the Javanese/Sundanese inventories. The reason is that Standard Indonesian does not provide any learned vowel targets which the Javanese and Sundanese can use as substitutes in English. Even though Indonesian is an L2 for the Javanese and Sundanese speakers, the phonetics of the vowels in Standard Indonesian are identical with the Javanese and Sundanese vowel system. In terms of vowel inventory, Standard Indonesian vowels are available in the Javanese and Sundanese L1 vowel system.
To examine how the Javanese and Sundanese native speakers perceive English vowels, we used the MouseTracking software. MouseTracking (Freeman and Ambady 2010) measures participants' confusion in responding to a forced binary decision, in this case, between two different vowels (Spivey, Grosjean, and Knoblich 2005; Dale, Kehoe, and Spivey 2007; Farmer, Anderson, and Spivey 2007) . If respondents do not move straight to the target, it means that there is confusion caused by conflicting information (Bruhn, Huette, and Spivey 2013) . Mouse-tracking data show real-time mental processing which appears as the result of a complex chain of thought (Freeman et al. 2011) . Using MouseTracker, one can observe the online measures of hand movements, such as the Area Under the Curve (AUC). Area Under the Curve (AUC) is the area between the observed mouse trajectory and an idealized straight-line trajectory drawn from the beginning and end points (Freeman et al. 2011 ). Farmer et al. (2009 examine how Italian speakers perceive the pen-pan and pin-pan English contrasts. The Italian speakers moved their trajectories closer to the competitor in the pen-pan condition than in the pin-pan condition, indicating that the perception of the pen-pan condition is more difficult than the pin-pan condition.
The current study examines the following research questions:
1. Does the L1 vowel inventory affect the perception of English vowels by Javanese and Sundanese speakers? 2. To what extent are the most common errors made by the Javanese and Sundanese learners of English similar to or different from that of the native English speakers?
To what extent are the hand movement trajectories reflected in the Area
Under the Curve (AUC) of the Javanese and Sundanese learners of English similar to or different from that of the native English speakers?
To answer these questions, we present the perception accuracy and hand movement trajectories of the L2 learners using the MouseTracking method. We discuss the results of the perceptual tasks in terms of the L2 sound perception models. On the basis of our finding,s the following hypotheses have been formulated. Addressing the first question, taking the findings supporting the predictive role of vowel inventory in L2 vowel perception (for instance, Flege, Bohn, and Jang 1997; Evans 2007, 2009; Elvin et al. 2014) , Javanese and Sundanese speakers are predicted to have more difficulties in perceiving English vowels than the native English speakers. To the best of our knowledge, the study by Perwitasari (2013) has fo far been the only research involving Javanese and Sundanese speakers. However, this study did not provide a specific division of participants' local language groups. Turning to the second question, on the basis of the SLM (Flege 1995) , it is predicted that Javanese and Sundanese speakers will have lower error rates with the "new" vowels /ɑː/, /ɜː/, /ɔː/, /ʌ/, /ae/, /ε/, /ɪ/, and /ʊ/ than the native English speakers and they will have higher error rates for the similar vowels /iː/ and /uː/ than the native English speakers. The native speakers are predicted to have fewer error rates than the L2 learners. Conversely, on the basis of the L2LP model, Javanese and Sundanese speakers will have higher error rates for the new sounds /ɑː/, /ɜː/, /ɔː/, /ʌ/, /ae/, /ε/, /ɪ/, and /ʊ/ than the English speakers and have lower error rates for the similar sounds /iː/ and /uː/ than the English speakers.
Thirdly, since the hand movements which do not move straight to the target show that there is confusion caused by conflicting information (Bruhn, Huette, and Spivey 2013), we make two different predictions. Taking SLM, it is predicted that Javanese and Sundanese speakers will have a smaller AUC for new vowels /ɑː/, /ɜː/, /ɔː/, /ʌ/, /ae/, /ε/, /ɪ/, and /ʊ/ than the native English speakers. Moreover, they will have a bigger AUC for the similar vowels /iː/ and /uː/ compared to the native English speakers. On the basis of the L2LP model (Escudero 2005) , it is predicted that Javanese and Sundanese speakers will have a bigger AUC for the new sounds /ɑː/, /ɜː/, /ɔː/, /ʌ/, /ae/, /ε/, /ɪ/, and /ʊ/ and a smaller AUC for the similar sounds /iː/ and /uː/ compared to the native English speakers.
Method 2.1 PArtIcIPAnts
Thirty Javanese-speaking English learners (JEL) (15 female, 15 male, Mage = 22, SD = 1.4), thirty Sundanese-speaking English learners (SEL) (15 female, 15 male, Mage = 21, SD = 0.74), and twenty American English (AE) speakers (10 female, 10 male, Mage = 26.35, SD = 2.8) participated in the experiment. The Javanese and Sundanese participants spoke Javanese and Sundanese as their first language. They also spoke Indonesian as L2 in formal situations.
The JEL, SEL, and AE participants were tested at Universitas Gadjah Mada and Universitas Padjajaran, both in Indonesia. The AE participants reported having little knowledge of foreign languages other than AE and considered themselves monolingual.
The JEL and SEL speakers mainly used their L1 in daily conversations. The ages at which the JEL and SEL speakers began learning English were similar [JEL: M = 9.2, SD = 1.16; SEL: M = 8.9, SD = 2.02; t(28) = 0.67, p = .5]. At the time of the study, the JEL had had more years of exposure (M = 11.23, SD = 2.17) to English than the SEL (M = 10.1, SD = 2.21; t(28) = 2.04, p = .04).
1
To provide estimates of language proficiency, the participants completed an English vocabulary test. All participants signed written informed consent prior to taking part in the study so that they could make a rational and voluntary decision to participate.
stIMulI
Auditory stimuli comprised of ten American English vowels, /iː/, /ɜː/, /ɑː/, /ɔː/, /uː/, /ɪ/, /ɛ/, /ae/, /ʌ/, and /ʊ/, in two consonantal contexts, /bVd/ such as bead and bid and /hVd/ such as heed and hid, were produced in the carrier sentence: Click bead, please or Click heed, please. Each stimulus was recorded using Praat (version 5.5.04) at 44.1 kHz. The target stimuli were composed of fifty minimal pairs of ten English vowels × five possible combinations: twenty-five contrastive pairs in the /bVd/ context and twenty-five contrastive pairs in the /hVd/ context. Pairs of stimuli were presented in a random order without repetitions. The visual target stimuli were letter strings presented using MouseTracker. One letter string appeared in the top left corner and the other in the top-right corner. The mouse movements were recorded at a sampling rate of 60 Hz. The display resolution was set to 1024 x 768 pixels.
Procedure
Participants were tested individually in a sound attenuated room. Prior to the experiment, the participants filled in a demographic questionnaire and signed a consent form. In the experimental session, participants sat 60 cm from the computer screen and placed their right hands over the computer mouse. To begin the trial, they clicked on a START button at the bottom centre of the screen. The letter strings appeared in the top left and top right corners of the screen. An auditory stimulus using MouseTracker was automatically played. Participants were instructed that, after hearing the auditory stimulus, they needed to select, as quickly as possible, a target word by clicking on one of the two letter strings presented on the computer screen. All participants were encouraged to move the mouse directly to the correct target within 2,000 ms. If a response was not made within 2,000 ms, a warning box appeared on the screen and the trial was considered an error trial. If an incorrect response was made, a message with a red X appeared at the centre of the screen.
AnAlysIs
Mouse-tracking data collection began with clicking the start button until the final target selection. Error trials were excluded from the analysis. Error rates and Area Under the Curve (AUC) data were inspected. Error rates were calculated for each participant. AUC values measure how much the hand 1 M = means, SD = standard deviation, t-test = an explanation of statistical significance to test whether two samples are different, when the variations in two normal distributions are not known. In this study, t-test is used to compare the ages at which Javanese and Sundanese began learning English and the years in which they have been exposed to English. movements are attracted towards an incorrect response and index the degree of uncertainty when making a selection. The AUC was calculated using the mouse trajectory connecting the START button to the correct response.
Error rates and AUC were analysed using two repeated measures ANOVAs with GROUP (Javanese/Sundanese, English) as between-subjects factor, and VOWEL (/iː/, /ɜː/, /ɑː/, /ɔː/, /uː/, /ɪ/, /ɛ/, /ae/, /ʌ/, and /ʊ/) and CONTEXT (/bVd/, /hVd/) as within-subjects factor. Since this present article is concerned mainly with the vowel acquisition, not with the effect of consonantal context, main and interaction effects of consonants will not be presented in the results section. If the sphericity assumption is rejected (that is, Mauchly's test is significant), Greenhouse-Geisser corrected p-values are reported. If significant, ANOVAs were followed up with independent sample Mann-Whitney U tests for testing differences between groups (instead of a paired t-test). To control for a Type I Error across the pair-wise comparisons, we used the Bonferroni Correction. A new adjusted alpha level of .005 per test (.05/10 vowels) was considered statistically significant. Data were analysed using SPSS version 22.0 (IBM, 2013).
results

error rAtes
Javanese vs. English speakers
There was a main effect of VOWEL, [F(6.15, 295) Main effect analysis showed that English vowels significantly affect the error rates performed by the Javanese and English listeners. The effect of vowels on the error rates differs across groups. By examining the mean (M) between Javanese and English listeners in Table 1 , we can see that Javanese listeners had significantly higher error rates than the English listeners specifically for new vowels /ɑː/, /ʌ/, /ae/, /ε/, /ɪ/, /ʊ/and similar vowels /iː/, /uː/. The differences in error rates between the Javanese and English speakers occur in new vowels /ɑː/, /ʌ/, /ae/, /ε/, /ɪ/, and /ʊ/ and similar vowels /iː/ and /uː/. New vowels /ɑː/, /ʌ/, /ae/, /ε/, /ɪ/, and /ʊ/ and the similar vowel /uː/ survived the Bonferroni Correction.
Sundanese vs English speakers
There was a main effect of VOWEL, [F(5.23, 295) = 9.5, p < .001], and VOWEL x GROUP interaction [F(5.23, 295) = 6.87, p < .001]. There were no other main effects or interactions. Pair-wise comparisons of Mann-Whitney tests are presented in Table 2 . Table 2 . Mann-Whitney U test comparisons for error rates of each English vowel in the Sundanese and English speakers. Mdn = median, SD = standard deviation, * = p < .05, ** = p < .005 (Bonferroni corrected significance threshold). Table 1 . Mann-Whitney U test comparisons for error rates of each English vowel in the Javanese and American English speakers groups. Mdn = median, SD = standard deviation, * = p < .05, ** = p < .005 (Bonferroni corrected significance threshold).
The error rates between the Sundanese and English speakers differed for the new vowels /ɑː/, /ɔː/, /ʌ/, /ae/, /ε/, /ɪ/, and /ʊ/ and the similar vowels /iː/ and /uː/. The new L2 vowels /ɑː/, /ʌ/, /ae/, /ε/, /ɪ/, and /ʊ/ and the similar L2 vowels /iː/ and /uː/ survived the Bonferroni Correction.
AreA under the curve (Auc)
Javanese vs English speakers
There was a main effect of VOWEL, [F(2.03, 97.6 There was a significant difference in the AUC between the Javanese and English speakers for the new vowels /ɑː/, /ɜː/, /ɔː/, and /ʌ/ and the similar vowels /iː/ and /uː/. Only the new vowels /ɑː/ and /ɜː/ and the similar vowels /iː/ and /uː/ survived the Bonferroni Correction.
Sundanese vs English speakers
There was a main effect of VOWEL, F (2.63, 126.2) = 14.58, p < .001, and VOWEL x GROUP interaction, F (2.6, 126.2) = 1.7, p = .17. Pair-wise comparisons of The differences in the AUC between Sundanese and English speakers are shown in the new vowels /ɑː/, /ɜː/, /ɔː/, /ʌ/, /ae/, /ε/, /ɪ/, and /ʊ/ and similar vowels /iː/ and /uː/. The new vowels /ɑː/, /ɜː/, /ɔː/, /ʌ/, /ae/, /ε/, /ɪ/, and /ʊ/ and the similar vowels /iː/, /uː/ survived the Bonferroni Correction.
dIscussIon
Regarding the first question, the repeated measures ANOVAs found a significant effect of vowel on error rates [F (6.15, 295) Elvin et al. 2014) . Regarding the second question, the pair-wise comparisons of Mann- Whitney tests with the Bonferroni Correction found that the Javanese speakers had higher error rates for new vowels, especially for /ɑː/, /ʌ/, /ae/, /ε/, /ɪ/, and /ʊ/, than the English speakers. The Sundanese showed higher error rates for the new vowels /ɑː/, /ʌ/, /ae/, /ε/, /ɪ/, and /ʊ/ than the English speakers. From these results, it is apparent that the SLM was not confirmed. Interestingly, Javanese showed higher error rates for the similar vowel /uː/ and Sundanese speakers showed higher error rates for the similar vowels /iː/ and /uː/ than the native English speakers. In all, the results of the error rates partly support the prediction made by L2LP (Escudero 2005 ) that Javanese and Sundanese listeners are likely to show high error rates for new vowels.
Regarding the third hypothesis, the pair-wise comparisons of MannWhitney tests found that the Javanese speakers had a larger AUC for the "new" vowels, such as /ɑː/, /ɜː/, /ɔː/, and /ʌ/, than the English speakers, while the Sundanese speakers had larger AUC for all the "new" vowels /ɑː/, /ɜː/, /ɔː/, /ʌ/, /ae/, /ε/, /ɪ/, and /ʊ/. Surprisingly, the Javanese and Sundanese speakers displayed a greater amount of uncertainty in making lexical decisions about the "similar" vowels /iː/ and /uː/, as they were drawn to the opposite alternatives and this resulted in a higher AUC than the English speakers. Overall, the AUC results of the Javanese Sundanese speakers support the L2LP prediction (Escudero 2005) indicating that new L2 vowels appear to create greater confusion for the Javanese and Sundanese speakers as reflected in the larger AUC for these groups.
conclusIon
The purpose of the current study was to examine the effect of vowel inventory in L2 perception between the Javanese, Sundanese, and English speakers by analysing their hand movements. We focused on the error rates and the Area Under the Curve (AUC) which indicates the degree of confusion caused by conflicting information (Bruhn, Huette, and Spivey 2013) . The results have demonstrated that the perception of L2 sounds was affected by the L2 perceived vowels. The perceptual difficulty differs strikingly between the Javanese, Sundanese, and native English speakers. These differences are reflected in the error rates and the hand movement trajectories gathered from an online task. In conclusion, the Javanese speakers scored higher error rates on the new vowels /ɑː/, /ʌ/, /ae/, /ε/, /ɪ/, and /ʊ/ and the similar vowel /uː/ than the native English speakers. The Sundanese speakers made inaccurate decisions about the new vowels /ɑː/, /ʌ/, /ae/, /ε/, /ɪ/, and /ʊ/ and the similar vowels /iː/ and /uː/. In addition, the Javanese speakers were more likely to show a greater attraction to the incorrect alternatives for the new vowels /ɑː/, /ɜː/, /ɔː/, and /ʌ/ and were confused in making decisions about the similar vowels /iː/ and /uː/. The Sundanese speakers showed great confusion about the new vowels /ɑː/, /ɜː/, /ɔː/, /ʌ/, /ae/, /ε/, /ɪ/, and /ʊ/ and the similar vowels /iː/ and /uː/. Taken together, the results partly support the L2LP hypothesis that Javanese and Sundanese listeners would perform with high error rates and a large AUC for new vowels. The results have confirmed that perceptual difficulties are significantly influenced by L1 vowel inventories.
The clear effect of the number of vowels in L1 inventories on L2 perception provides useful information about the online processing of Javanese and Sundanese as L2 learners and the English speakers in responding to two conflicting pieces of information. The Javanese and Sundanese speakers who have a small number of L1 vowels experience difficulty in perceiving an L2 with a large number of vowels.
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